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Forward Reverse Size of PCR
primer primer prodcuts

ChIP assay
Human

Sµ 5'- ATGGAAGCCAGCCTGGCTGT -3' 5'- CAGTTAGTGCAGCCAAGCCCTAGCTCAG -3' 210 bps
S!1 5'- ACCCTATGCAGTGTCTGGCCCCTC -3' 5'- AGTCAGCACAGTCCAGTGTCTCTAG -3' 250 bps
S"                    
(S"1 and S"2) 5'- CCTTCTGGAAGCAAAAGGT -3' 5'- TGTTCACCTTGTATCCCAGG -3' 200 bps
Cµ 5'- CACGTGGTGTGCAAAGTCCAGCACC -3' 5'- ACGCCAGACCCCACCTGCTT -3' 215 bps 
PAX5 5'- AGCACTGCTGCTCTCCCGGCTTCC -3' 5'- TGTGAGATCATGTCCTGTTCTC -3' 195 bps

Mouse
Sµ 5'- CTGAGGTGATTACTCTGAGGT -3' 5'- CTCCAGAGTATCTCATTTCAG -3' 265 bps 
S!1 5'- CAGGCAAACTAAACCAGTGGG-3' 5'-AGGATGTCCACCCTCACCCAGGC-3' 281 bps 
S!3 5'-GCTGAGAGTATGCACAGCCA-3' 5'-GGATCATGGAAACTCCTCCG-3' 279 bps
S" 5'- GGCTGAACTGGGACAAGGTA -3' 5'- CCCATCTCAGCCCAGTTTAT -3' 170 bps
Cµ 5'- GGCTTCTACTTTACCCACAGCATC -3' 5'- CATACACAGAGCAACTGGACACCC -3' 260 bps 

RT-PCR analysis
Human genes

AICDA 5'- TGCTCTTCCTCCGCTACATCTC -3' 5'- AACCTCATACAGGGGCAAAAGG -3' 260 bps
GAPDH 5'- ACCAACTGCTTAGCACCCCT -3' 5'- CACAGTCTTCTGGGTGGCAG -3' 210 bps

Mouse genes
Aicda 5'- TGCTACGTGGTGAAGAGGAG -3' 5'- TCCCAGTCTGAGATGTAGCG -3' 120 bps
14-3-3# 5'- TGGATAAGAGTGAGCTGGTA -3' 5'- GATCACAGAGCACAACAGAC -3' 735 bps 
14-3-3$ 5'- ATTCGGGAGTACCGGCAAAT -3' 5'- GTTCTGTCATCGCAATGTCA C -3' 230 bps 
14-3-3! 5'- ATCCTCTTCAGCCCTGTGAAG -3' 5'- ATGTGCTCCTTGCTGATCTCGT -3' 570 bps 
14-3-3% 5'- ATATGGCCTCCGCCATGAAGG -3' 5'- GAACTTGTCAAGCAGAGCCA A -3' 245 bps 
14-3-3& 5'- AGAACCCAGCGTTACTCTCG A -3' 5'- CCACCACGTTCTTGTAAGCT -3' 210 bps 
14-3-3' 5'- AAGACCGAGCTGATCCAGAA -3' 5'- GGCTCCTTGGGAATTTTCTA T -3' 430 bps 
14-3-3( 5'- TTGAGCAGAAGACGGAAGGT -3' 5'- CCTTTCTTGTCATCACCAGC -3' 225 bps 
Gapdh 5'- TTCACCACCATGGAGAAGGC -3' 5'- GGCATGGACTGTGGTCATGA -3' 215 bps

Genotyping
14-3-3!+/- WT allele 5'- CCACGACTGTCCTGTCTTTGATTG -3' 5'- CCTTACTGGAACCACAGAACGC -3' 230 bps 

KO allele 5'- TGAGGAGAGAACTGGCTGAGTGAC -3' 5'- CCTTACTGGAACCACAGAACGC -3' 340 bps 

14-3-3&+/Er
WT and Er 
alleles 5'- CTGCTGCAGCGATTCTCTC -3' 5'- TCAGGCACCTAAGTACATGTGC -3' 

WT: 104 bps                      
Er:  82 bps

Supplementary Table 3. Oligonucleotide sequences.
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Antibody to Type Company Cat. No. Assays

14-3-3 Rabbit pAb Abcam ab6081 IB, IP, ChIP, IF, IHC, EMSA
14-3-3 Rabbit pAb Abcam ab9063 EMSA
14-3-3 Rabbit pAb Santa Cruz Biotechnology sc-629 EMSA
14-3-3 Rabbit pAb Santa Cruz Biotechnology sc-13959 EMSA
14-3-3 Mouse mAb Abcam ab14121 IB
14-3-3! Rabbit mAb Abcam ab32560 EMSA
14-3-3! Mouse mAb Gene Tex, Inc. GTX-12341 IB
14-3-3" Rabbit pAb Santa Cruz Biotechnology sc-1020 IB
14-3-3# Rabbit pAb IBL, Inc. IBL-18647 IB, ChIP
14-3-3$ Rabbit pAb IBL, Inc. IBL-18645 IB
14-3-3% Mouse mAb Upstate/Millipore 05-632 IB, ChIP
14-3-3& Rabbit pAb Santa Cruz Biotechnology sc-732 IB
14-3-3' Rabbit pAb Santa Cruz Biotechnology sc-1019 IB, IP
AID Mouse mAb Invitrogen                                                                                                                                                                                                                                                     39-2500 IB, IP, ChIP, IF, IHC
PKA-C( Rabbit pAb Santa Cruz Biotechnology sc-093 ChIP
PCNA Mouse mAb BD Pharmingen 555566 IB, IP, IF
Ku86 Mouse mAb NeoMarkers MS-285-P1 IB, IP, IF
RPA p34 Mouse mAb NeoMarkers MS-691-P1 ChIP, IF
BCL6 Mouse mAb Dako M7211 IHC
Mouse IgG,            
peroxidase-conjugated Goat pAb Dako P0448 IHC
Rabbit IgG,            
peroxidase-conjugated Goat pAb Dako P0447 IHC
Flag Mouse mAb Sigma F3165 IB

Mouse mAb Sigma A5441 IB
Mouse IgG (H+L), 
Rodamine-conjugated Goat pAb Pierce 31661 IF
Mouse IgG,                    
TRITC-conjugated Goat pAb KPL 03-18-06 IF
Rabbit IgG, FITC- Goat pAb KPL 172-1506 IF
Mouse IgG, Alexa Fluor 
594-conjugated Goat pAb Invitrogen A-11005 IF
Rabbit IgG, Alexa Fluor 
488-conjugated Goat pAb Invitrogen A-11008 IF
Human/mouse CD45R 
(B220), PE-conjugated Rat mAb eBioscience 25-0452-83 FCM, CS
Human CD19,               
PE-conjugated Mouse mAb Sigma F-3899 FCM, CS
Human CD19,           
FITC-conjugated Mouse mAb eBioscience 11-0199-73 FCM, CS
Human CD19,               
Biotin-conjugated Mouse mAb BD Pharmingen 555411 FCM, CS
Human CD38,               
FITC-conjugated Mouse mAb BD Pharmingen 555459 FCM, CS
Human CD38,                
PE-conjugated Mouse mAb BD Pharmingen 31015X FCM, CS
Human IgD,                  
Biotin-conjugated Goat pAb Southern Biotech 20320 FCM, CS
Human IgM,                  
Biotin-conjugated Goat pAb Sigma B-1265 FCM
Human IgM,                  
FITC-conjugated Goat pAb Sigma F-5384 FCM
Human IgG,                
APC-conjugated Mouse mAb BD Pharmingen 550931 FCM
Human IgG,                       
Biotin-conjugated Mouse mAb BD Pharmingen 555785 FCM
Human IgA,                    
FITC-conjugated Goat pAb Sigma F-5259 FCM, CS
Human IgA,                   
Biotin-conjugated Goat pAb Southern Biotech 205-208 FCM, CS
Human CD25 (IL-2R), 
Biotin-conjugated Mouse mAb eBioscience 13-0259-82 FCM
Mouse CD45R (B220),  
APC-conjugated Rat mAb BD Pharmingen 553092 FCM, CS
Mouse IgG1,                 
APC-conjugated Rat mAb BD Pharmingen 550874 FCM
Mouse IgG3,                  
FITC-conjugated Rat mAb BD Biosciences 553403 FCM
Mouse IgG1,                 
FITC-conjugated Rat mAb BD Pharmingen 553443 FCM
Mouse IgG2b,                 
FITC-conjugated Rat mAb BD Pharmingen 553395 FCM
Mouse IgA,                   
FITC-conjugated Rat mAb BD Pharmingen 559354 FCM
Mouse IgG2a,                
FITC-conjugated Rat mAb BD Pharmingen 553390 FCM
Mouse IgM,                    
FITC-conjugated Rat mAb BD Pharmingen 553437 FCM
non-specific Rabbit pAb Santa Cruz Biotechnology sc- 2027 IB, IP, ChIP, IF
non-specific Mouse pAb Santa Cruz Biotechnology sc- 2025 IB, IP, ChIP, IF

Supplementary Table 4.  Antibodies.

ChIP, chromatin immunoprecipitation; CS, cell sorting; EMSA, electrophoretic mobility shift assay; FCM, flow cytometry; IB, 
immunoblotting; IF, immunofluorescence; IHC, immunohistochemistry; IP, immunoprecipitation.

Abbreviations: mAb, monoclonal antibody; pAb, polyclonal antibody;
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Supplementary Methods. 

Co-IP assays.  Co-IP assays were performed as we described (Connaghan-Jones et al., J. Biol. Chem., 279: 42258–42269, 2004).  In assays involving DNase I treament 
prior to immunoprecipitation, cell lysates were prepared in EDTA-free lysis buffer and incubated with 20 unit ml–1 DNase I (Qiagen) in the presence of 10 mM MgCl2 at 32°C 
for 3 h before immunoprecipitation.  For pull-down of 14-3-3 and His10-Flag2-AID, 2 × 106 human 4B6 B cells grown to the mid-logarithmic phase (6 × 105 cell ml–1) were 
resuspended in 100 µl Human B Cell Nucleofector Solution (Amaxa Inc.), mixed with 5 µg plasmid that encodes His10-Flag2-AID, or the empty vector pcDNA3, and 
electroporated in the Nucleofector II device (Amaxa Inc.) using the program U-15 per manufacturer’s instructions.  Transfected cells were then cultured for 24 h and whole cell 
lysates were precipitated by Ni-NTA magnetic agarose beads (Qiagen) following manufacturer’s instructions.  

DNase I footprint assays.  DNase I footprint assays were performed as described (Connaghan-Jones et al., Nat. Protoc., 3: 900–914, 2008) with minor modifications.  The 
126-bp double-strand DNA fragment (Alexa Fluor 647–5′-
GAGAGATGGATAATACGACTCACTATAGGGAGAAAAGGGGAAAGCTAAAAAGCTAAAAAGCTAAAAGAGGAAAGGTGAGGAGGTCTGGTGGCCATGGTCTGTCTAGACAGA
CTGTCGAAGTACTGA-3′, only one strand was labeled with Alexa Fluor 647 at the 5′ end) was incubated with purified recombinant GST–tagged 14-3-3 isoforms (14-3-3γ, 
14-3-3σ or 14-3-3ζ) or control BSA or BSA plus GST in the reaction buffer (45 µl, 10 mM Tris–HCl , pH 8.0, 5 mM MgCl2, 1 mM CaCl2, 2 mM DTT) for 60 m at 25°C before 
digestion by 0.000016 Kunitz unit µl–1 of DNase I in 50 µl of  reaction mixture at 25°C.  After 2 m, the reaction was stopped by addition of 350 µl of stop solution (80% ethanol, 
0.5 M NH4Ac, 5 µg of tRNA).  After precipitation in a dry ice-ethanol bath for 15 m, the DNA pellet was washed with 70% ethanol and resuspended in 20 µl of loading buffer 
(95% formamide, 20 mM EDTA).  After heating at 95°C for 5 m and chilling on ice, samples were applied to a denaturing 6% polyacrylamide gel containing 7 M urea, run for 2 
h at 60 W and then visualized using a TyphoonTM 9410 scanner (GE Healthcare). 

EMSA.  Preparation of nuclear extracts from human 4B6 or 2E2 B cells were described (Park et al., Nat. Immunol. 10, 540–550, 2009).  In EMSA assays, nuclear extracts 
were incubated with 12 nM of 32P- or Alexa Fluor 647-labeled oligonucleotide probe in a buffer consisted of 20 mM HEPES, pH 7.9, 4 mM MgCl2, 1 mM EDTA and 0.05% 
NP-40 in the presence of 150 mM KCl and 100 µg ml–1 poly(dI/dC), which inhibited non-specific binding of proteins to DNA, at 25°C for 30 m.  Protein/DNA complexes were 
run on 7% native PAGE for typically 6.5 h and visualized by autoradiogram (for 32P-labeled probes) or using a TyphoonTM 9410 scanner (for Alexa Fluor 647-labeled probes).  
In EMSA blocking/supershift assays, nuclear extracts were incubated with rabbit IgG Ab recognizing all 14-3-3 isoforms (Ab1, ab6081, Abcam; Ab2, sc-629, Santa Cruz 
Biotechnology; Ab3, sc-13959, Santa Cruz Biotechnology; and Ab4, ab9063, Abcam), 14-3-3β (ab32560, Abcam), 14-3-3ζ (sc-1019, Santa Cruz Biotechnology) or pre-
immune rabbit IgG as irrelevant Ab at 25°C for 10 m before binding to the [5′-AGCT-3′]3–24 bp probe.  

Immunohistochemistry.  Paraffin-embedded human tonsil surgical specimens were sectioned with a cryostat at 6 µm onto glass slides. After de-paraffinization and re-
hydration, slides were processed following a typical staining procedure involving specific primary antibodies and peroxidase labeled polymer conjugated with goat anti–mouse 
or goat anti–rabbit IgG as secondary Abs (Dako).  After color development using the DAB+ chromogen (Dako), slides were dehydrated and counterstained with hematoxylin 
before examination by microscopy.  Immunofluorescence staining of mouse spleen germinal centers was as we described (Park et al., Nat. Immunol. 10, 540–550, 2009) and 
all fluorescence pictures were pseudo-colored.  

MudPIT.  The three main elution fractions (#3, #4 and #5) were pooled and concentrated using a Centricon YM-3 centrifugal filter (Millipore) before precipitation by 
trichloroacetic acid and washing with acetone.  Protein pellets were solubilized in 100 mM Tris–HCl  (pH 8.5) and 8 M urea and then reduced by 5 mM Tris (2-carboxyethyl) 
phosphine hydrochloride and carboxyamidomethylate in 10 mM iodoacetamide.  After digestion with Lys-C endopeptidase for 4 h at 37°C, samples were diluted to 2 M urea 
with 100 mM Tris–HCl  (pH 8.5) and 1 mM CaCl2 for trypsin digestion overnight at 37°C.  After neutralization of trypsin with 5% formic acid, acidified peptide samples were 
sequentially separated by a strong cation exchange column and then a reverse phase HPLC (Hewlett-Packard) before mass spectrometry (MS) analysis using a LCQ ion trap 
mass spectrometer equipped with nano-LC electrospray ionization source (Finnigan).  For peptide identification, MS spectra were analyzed for homology to the human 
translated genomic database from the National Center for Biotechnology Information (NCBI) using SEQUEST algorithm.  For protein identification, the SEQUEST outputs 
were analyzed by DTASelect software.  Four or more peptides passing DTASelect filters and covering non-overlapping regions of a protein would identify this protein as an 
automatic hit.  Proteins identified by one to three non-overlapping peptides passing DTASelect filters were manually validated and only those with at least 10% sequence 
coverage (defined as the proportion of total amino acids of a protein covered by peptides identified) were considered real hits.  Relative amount of a protein (relative to the 
total proteins) is defined as the ratio of the peptides that were derived from one protein to the total identified peptides and expressed as percentage (%) of the total proteins. 

Oligonucleotides and antibodies.  The sequences of oligonucleotides used for ChIP, RT-PCR and genotyping are listed in Supplementary Table 3.  Those of 
oligonucleotides used for real-time qRT-PCR of IgH transcripts were reported (Park et al., Nat. Immunol. 10, 540–550, 2009).  Abs are listed in Supplementary Table 4.  

RT-PCR and quantitative real-time RT-PCR (qRT-PCR).  RNA extraction and first strand cDNA synthesis, RT-PCR and SYBR green-based real-time qRT-PCR analysis 
were as described (Park et al., Nat. Immunol. 10, 540–550, 2009). 
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